INTRODUCTION
============

Laparoscopic cholecystectomy is an effective treatment for symptomatic cholelithiasis with minimal risk \[[@b1-kjim-2016-223]\]. However, some patients who undergo cholecystectomy report postcholecystectomic syndromes, defined as the recurrence of symptoms similar to those experienced before the cholecystectomy, such as abdominal symptoms, dyspepsia and diarrhea \[[@b2-kjim-2016-223]\].

The absence of the gallbladder after a cholecystectomy was reported to cause rapid enterohepatic recycling, an increase in the secretion and a decrease in the reabsorption of bile acid, and a shortened colonic transit time \[[@b3-kjim-2016-223],[@b4-kjim-2016-223]\]. Some patients who underwent cholecystectomy experienced diarrhea, which could be associated with the malabsorption of bile acid \[[@b5-kjim-2016-223]\]. After cholecystectomy, patients are at an increased risk for duodenogastric reflux, which causes dyspepsia \[[@b6-kjim-2016-223],[@b7-kjim-2016-223]\]. In addition, abdominal pain and irritable bowel syndrome were reported in patients after cholecystectomy; these symptoms could be associated with sphincter of Oddi dysfunction \[[@b8-kjim-2016-223],[@b9-kjim-2016-223]\].

It has been suggested that postcholecystectomic syndromes are related to diet, due to changes in bile acid metabolism \[[@b3-kjim-2016-223]\] and duodenogastric reflux \[[@b7-kjim-2016-223]\]. Taiwanese patients who did not follow instructions to maintain a low-fat diet experienced more diarrhea, both 1 week and 3 months after cholecystectomy \[[@b10-kjim-2016-223]\]. A high-fat diet has been shown to increase fecal bile acid \[[@b11-kjim-2016-223]\], and diarrhea can be caused by the increased passage of bile acids into the colon \[[@b12-kjim-2016-223]\]. In addition, after laparoscopic cholecystectomy, some patients reported troublesome food intolerance, particularly to fatty foods \[[@b13-kjim-2016-223],[@b14-kjim-2016-223]\]. Intolerance to fatty foods appears frequently in patients with dyspepsia, since fatty foods could delay gastric emptying \[[@b15-kjim-2016-223],[@b16-kjim-2016-223]\].

Previous studies have focused only on the relationship between a high-fat diet and postcholecystectomic syndromes \[[@b10-kjim-2016-223],[@b13-kjim-2016-223],[@b14-kjim-2016-223]\], and no other nutrients or foods. Therefore, the present study investigated the hypothesis that dietary intake of nutrients and foods was significantly associated with postcholecystectomic syndromes.

METHODS
=======

Patients
--------

Gallstone patients (n = 59) who underwent laparoscopic cholecystectomy at the general surgery clinic, Hanyang University Seoul Hospital, Seoul, Korea from April 2014 to May 2015 were enrolled in this study. Patients were asked if they had symptoms, such as abdominal pain, dyspepsia, functional constipation, and diarrhea immediately postlaparoscopic cholecystectomy and 3 months later. This study was performed in accordance with the Declaration of Helsinki. All procedures were approved by the Institutional Review Board of Hanyang University (HYI-14-001-2), and written informed consent was obtained from all patients.

Data collection
---------------

The following information was obtained from patients by trained interviewers: age, sex, family history of gallstone disease, medical and medication history, previous experience with weight control, exercise, smoking status, and alcohol and supplement consumption. Height, weight, and waist circumference were measured, and body mass index (BMI, kg/m^2^) was calculated. Information regarding fatty liver and the diameter of the common bile duct were obtained from medical records and pathology reports. All patients underwent ultrasound at the time of the operation and 3 months later. Ultrasound was performed with an iU22 (Philips Ultrasound, Bothell, WA, USA) or a EUB-7500 (Hitachi, Tokyo, Japan) equipped with a 5-MHz convex transducer.

Biochemical data
----------------

Biochemical parameters tests, including white blood count (WBC), hemoglobin (Hb), hematocrit (Hct), and platelet (PLT), were measured by a Sysmex XE-2100 (Sysmex, Kobe, Japan). Total protein (TP), albumin (ALB), fasting blood sugar (FBS), creatinine (Cr), blood urea nitrogen (BUN), aspartate aminotransferase (AST), alkaline phosphatase (ALP), triglyceride (TG), total cholesterol (TC), low density lipoprotein cholesterol (LDL-C), and high density lipoprotein cholesterol (HDL-C) were measured by a Hitachi 7600 automatic analyzer (Hitachi).

Dietary assessment
------------------

After laparoscopic cholecystectomy, dietary intake was assessed using a semiquantitative food frequency questionnaire of 63 food items commonly consumed by Korean national health and examination survey \[[@b17-kjim-2016-223]\]. Patients were asked about the frequency of intake for each food during the previous year, on average. Frequency of food intake was classified into 10 categories: 1, 2, or 3 times per day; 4 to 6 times per week; 2 to 3 times per week; once per week; 2 to 3 times per month; once per month; 6 to 11 times per year; and never or seldom. Three months after laparoscopic cholecystectomy, dietary intake was assessed using 24-hour recall, including food description, time of intake, amount of food and location where food was eaten. Dietary intake was analyzed using Canpro 4.0 (Korean Nutrition Society, Seoul, Korea).

Statistical analysis
--------------------

Data were expressed as mean ± standard deviation, and a *p* value less than 0.05 was considered statistically significant. All data were analyzed using SPSS version 21.0 (IBM Co., Armonk, NY, USA). Categorical variables were analyzed using the chi-square test, and continuous variables were analyzed using independent *t* tests. Odds ratios and 95% confidence intervals were obtained using multivariable logistic regression analyses in order to determine the associations of daily nutrients and foods intake according to the presence of symptoms after adjusting for energy intake and a medical history of digestive diseases postlaparoscopic cholecystectomy, and energy intake and exercise frequency 3 months after laparoscopic cholecystectomy.

RESULTS
=======

Characteristics of symptomatic and asymptomatic patients
--------------------------------------------------------

After laparoscopic cholecystectomy, symptomatic patients had a more extensive medical history of digestive disease than did asymptomatic patients ([Table 1](#t1-kjim-2016-223){ref-type="table"}). Symptomatic patients also exercised less (3 to 4 times per week) than did asymptomatic patients (5 to 6 times per week) 3 months after laparoscopic cholecystectomy. Comparing symptomatic and asymptomatic patients, there were no significant differences in age, sex, BMI, waist circumference, family history of gallstone disease, medications, previous experiences of weight control, smoking, drinking, use of supplements, the presence of fatty liver, or the diameter of the common bile duct ([Table 1](#t1-kjim-2016-223){ref-type="table"}). At postlaparoscopic cholecystectomy and 3 months after laparoscopic cholecystectomy, blood parameters, such as WBC, Hb, Hct, PLT, TP, ALB, FBS, Cr, BUN, AST, ALP, TG, TC, HDL-C, and LDL-C were not significantly different between symptomatic and asymptomatic patients (data not shown) ([Supplementary Table 1](#SD1){ref-type="supplementary-material"}).

Dietary intake of symptomatic and asymptomatic patients
-------------------------------------------------------

Immediately postlaparoscopic cholecystectomy, there were no significant differences in the consumption of nutrients or foods between symptomatic and asymptomatic patients (data not shown) ([Supplementary Tables 2](#SD2){ref-type="supplementary-material"} and [3](#SD3){ref-type="supplementary-material"}). However, 3 months after laparoscopic cholecystectomy, symptomatic patients consumed more animal protein, cholesterol, and eggs, and fewer vegetables than did asymptomatic patients ([Table 2](#t2-kjim-2016-223){ref-type="table"}). There were no significant differences in consumption of vitamins, minerals, or other foods between symptomatic and asymptomatic patients 3 months after laparoscopic cholecystectomy (data not shown) ([Supplementary Table 4](#SD4){ref-type="supplementary-material"}). In addition, for breakfast, symptomatic patients consumed more bread, while asymptomatic patients consumed more rice ([Table 3](#t3-kjim-2016-223){ref-type="table"}). Symptomatic patients avoided more foods compared to asymptomatic patients. There were no significant differences in food preferences or avoided foods between symptomatic and asymptomatic patients.

Association between the risk for occurrence of symptoms and dietary intake
--------------------------------------------------------------------------

There was no significant association between the risk for occurrence of symptoms and dietary intake at postlaparoscopic cholecystectomy (data not shown) ([Supplementary Tables 5](#SD5){ref-type="supplementary-material"} and [6](#SD6){ref-type="supplementary-material"}). However, at 3 months after laparoscopic cholecystectomy, multivariable-adjusted regression analysis found that the risk for occurrence of symptoms was positively associated with intake of animal protein, cholesterol, and eggs, while it was negatively associated with intake of vegetables, after adjusting for energy intake and exercise frequency ([Table 4](#t4-kjim-2016-223){ref-type="table"}). There were no significant associations between the risk of symptoms and intake of any other nutrients or foods at 3 months after laparoscopic cholecystectomy (data not shown) ([Supplementary Tables 7](#SD7){ref-type="supplementary-material"} and [8](#SD8){ref-type="supplementary-material"}).

DISCUSSION
==========

This study found that the risk of postcholecystectomic syndrome was positively associated with intake of animal protein, cholesterol, and eggs, and negatively associated with intake of vegetables in patients 3 months after laparoscopic cholecystectomy. In addition, 3 months after laparoscopic cholecystectomy, symptomatic patients consumed more bread for breakfast, while asymptomatic patients consumed more rice. However, there was no significant immediately postcholecystectomy association between postcholecystectomic syndrome and dietary intake.

Previous studies indicated that postcholecystectomic diarrhea was reported in patients who did not follow the low-fat diet guidelines \[[@b10-kjim-2016-223]\] and who were intolerant of fatty foods \[[@b13-kjim-2016-223]\]. Bile malabsorption has been shown to be associated with diarrhea in humans \[[@b18-kjim-2016-223]\], and secretion of bile acid was dose dependently associated with fat intake in rats \[[@b19-kjim-2016-223]\]. Thus, previous studies suggested that a high-fat diet could be associated with postcholecystectomic diarrhea, due to the changes in bile acid metabolism. However, the present study did not find a significant association between the intake of fat and the risk for postcholecystectomic syndromes. This inconsistency between the present and previous studies could be because patients in the present study did not consume a high-fat diet, as the average intake of fat was about 25 g/day and only 7% to 8% of the total energy intake.

Postcholecystectomy, patients reported symptoms of flatulent dyspepsia, which could be related to duodenogastric reflux and delayed gastric emptying \[[@b7-kjim-2016-223],[@b20-kjim-2016-223]\]. Previously, food intolerance was observed in patients with postcholecystectomic dyspepsia, particularly, intolerance of eggs \[[@b14-kjim-2016-223]\]. Pelletier et al. \[[@b21-kjim-2016-223]\] also found that breakfast with bread and boiled eggs delayed gastric emptying in healthy volunteers, suggesting that the delayed gastric emptying by consumption of eggs could be positively associated with postcholecystectomic syndromes. Eggs could be a source of animal protein and cholesterol, which were also positively associated with the risk of postcholecystectomic syndromes in the present study. Intake of protein had been reported to slow gastric emptying in healthy volunteers \[[@b22-kjim-2016-223]\], and dietary cholesterol increased fecal excretion of bile acids in rats \[[@b23-kjim-2016-223]\]. Malabsorption of bile acids has been shown to cause postcholecystectomic diarrhea \[[@b5-kjim-2016-223],[@b24-kjim-2016-223]\], since the absence of a gallbladder caused more rapid enterohepatic recycling of bile acids, increased bile acid secretion \[[@b3-kjim-2016-223]\], and shortened colonic transit times \[[@b4-kjim-2016-223]\]. Both the present and previous studies suggested that excretion and malabsorption of bile acids could be exacerbated by cholesterol intake in patients with cholecystectomies.

With the exception of the present study, there are no studies indicating any association between postcholecystectomic syndromes and vegetable intake. However, patients with functional gastrointestinal disorders, such as irritable bowel syndrome, consumed fewer vegetables than did healthy Taiwanese individuals \[[@b25-kjim-2016-223]\]. In addition, dietary fiber has been shown to regulate the enterohepatic circulation of bile acids in patients with ileal resection \[[@b26-kjim-2016-223]\]. In previous *in vivo* and *in vitro* studies, dietary fiber bound with bile acids, and reduced free bile acids in feces \[[@b27-kjim-2016-223]\].

Patients with functional dyspepsia consumed more bread than rice \[[@b15-kjim-2016-223]\], and bread had longer gastric emptying times compared with the rice pudding in healthy volunteers \[[@b28-kjim-2016-223]\]. Gluten in meals has been shown to delay gastric emptying and cause gastrointestinal symptoms, such as bloating, abdominal pain and nausea in patients without celiac disease \[[@b29-kjim-2016-223],[@b30-kjim-2016-223]\]. Similar with previous research, the present study found that symptomatic patients consumed more bread than rice, and symptoms could be due to the delayed gastric emptying of bread.

It has been suggested that cholecystectomy increases the risk for nonalcoholic fatty liver disease, due to increased hepatic triglyceride content \[[@b31-kjim-2016-223]-[@b33-kjim-2016-223]\]. In animal studies hepatic synthesis of bile acid was inhibited \[[@b34-kjim-2016-223]\] and free fatty acid flux increased from adipose tissue to liver after a cholecystectomy \[[@b33-kjim-2016-223],[@b35-kjim-2016-223]\]. In addition, a high level of fibroblast growth factor 19 was detected in surgically removed gallbladders from patients with gallbladder disease \[[@b36-kjim-2016-223]\]. Fibroblast growth factor 19 has been shown to suppress the ability of insulin to stimulate hepatic fatty acid synthesis \[[@b37-kjim-2016-223]\]. However, in the present study, there was no significant difference in the prevalence of fatty liver between asymptomatic and symptomatic patients at 3 months after a cholecystectomy.

After cholecystectomy, a slight dilatation of the common bile duct diameter commonly occurs \[[@b38-kjim-2016-223]\], and is possibly associated with postcholecystectomic syndromes \[[@b39-kjim-2016-223]\]. However, several previous studies reported inconsistent results regarding the association between dilatation of the common bile duct diameter and postcholecystectomic syndromes \[[@b38-kjim-2016-223]-[@b40-kjim-2016-223]\]. In the present study, the diameter of the common bile duct increased by less than 1 mm, and was not significantly different between asymptomatic and symptomatic patients 3 months after cholecystectomy.

This study had several limitations. This study had small sample size, and 3 months of follow-up might have been an insufficient duration. In addition, dietary intake was assessed only once, which could be insufficient to determine the usual intake of patients. However, this was the first study that investigated the association between dietary intake and the risk of postcholecystectomic syndromes.

In conclusion, the present study found that postcholecystectomic syndromes were positively associated with the intake of cholesterol, animal protein, and eggs, and negatively associated with the intake of vegetables, suggesting that diet was plays a role in postcholecystectomic syndromes. However, clinical trials are needed to confirm the cause-effect relationship between dietary intake and postcholecystectomic syndromes.

KEY MESSAGE
===========

1\. Intake of cholesterol, animal protein, and eggs was positively, but intake of vegetables was negatively associated with postcholecystectomic syndromes.

2\. Symptomatic patients consumed more breadbased breakfast foods, while asymptomatic patients consumed more rice.
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###### 

Characteristics of asymptomatic and symptomatic patients immediately postlaparoscopic cholecystectomy and 3 months after laparoscopic cholecystectomy

  Characteristic                                            Postlaparoscopic cholecystectomy   Three months after laparoscopic cholecystectomy                                           
  --------------------------------------------------------- ---------------------------------- ------------------------------------------------- ------- --------------- --------------- -------
  Age, yr                                                   47.54 ± 12.34                      50.31 ± 14.92                                     0.456   51.03 ± 11.56   47.67 ± 16.17   0.371
  Female sex                                                11 (45.8)                          18 (51.4)                                         0.673   14 (43.8)       15 (55.6)       0.366
  Body mass index, kg/m^2^                                  25.73 ± 4.44                       25.02 ± 3.04                                      0.471   25.65 ± 3.46    25.13 ± 3.88    0.585
  Waist circumference, cm                                   92.33 ± 11.70                      91.67 ± 11.31                                     0.828   88.05 ± 9.88    87.56 ± 9.74    0.849
  Family history of gallstones                              3 (12.5)                           6 (17.1)                                          0.626   2 (6.3)         5 (18.5)        0.147
  Medical history of digestive system disease               2 (8.3)                            11 (31.4)                                         0.036   8 (25.0)        8 (29.6)        0.690
  Medication                                                13 (54.2)                          20 (57.1)                                         0.821   15 (46.9)       10 (37.0)       0.446
  Dieting for weight control                                8 (33.3)                           16 (45.7)                                         0.342   2 (6.3)         3 (11.1)        0.504
  Exercise^[a](#tfn1-kjim-2016-223){ref-type="table-fn"}^   8 (33.3)                           18 (51.4)                                         0.169   14 (43.8)       16 (59.3)       0.235
   1--2 times/wk                                            4 (50.0)                           5 (27.8)                                                  4 (28.6)        5 (31.3)        
   3--4 times/wk                                            2 (25.0)                           8 (44.4)                                          0.502   1 (7.1)         8 (50.0)        0.014
   ≥ 5--6 times/wk                                          2 (25.0)                           5 (27.8)                                                  9 (64.3)        3 (18.8)        
  Smoking                                                   3 (12.5)                           3 (8.6)                                           0.624   4 (12.5)        3 (11.1)        0.869
  Drinking                                                  17 (70.8)                          21 (60.0)                                         0.393   18 (56.3)       12 (44.4)       0.366
  Fatty liver                                               14 (58.3)                          15 (42.9)                                         0.243   19 (59.4)       13 (50.0)       0.475
  CBD diameter, mm                                          4.35 ± 1.22                        3.90 ± 1.26                                       0.185   4.91 ± 2.34     4.66 ± 1.95     0.663
  Change in CBD diameter, mm                                \-                                 \-                                                \-      0.95 ± 2.19     0.40 ± 2.48     0.367

Values are presented as mean ± SD or number (%). *p* values were determined by independent *t* test for continuous variables, and the chi-square test for the categorical variables between symptomatic and asymptomatic patients.

CBD, common bile duct.

≥ 30 Minutes in one session.

###### 

Daily intake of nutrients and foods between asymptomatic and symptomatic patients 3 months after laparoscopic cholecystectomy

  Variable                        Asymptomatic (n = 32)   Symptomatic (n = 27)   *p* value
  ------------------------------- ----------------------- ---------------------- -----------
  Energy, kcal                    1,716.97 ± 474.02       1,616.83 ± 657.49      0.500
  Carbohydrate, g/1,000 kcal      155.07 ± 32.27          146.01 ± 36.22         0.314
  Lipid, g/1,000 kcal             25.89 ± 10.84           25.98 ± 9.52           0.974
  Protein, g/1,000 kcal           36.71 ± 8.60            42.85 ± 14.21          0.056
   Plant protein, g/1,000 kcal    21.30 ± 6.63            19.70 ± 5.13           0.312
   Animal protein, g/1,000 kcal   15.41 ± 10.07           23.15 ± 16.00          0.035
  Fiber, g/1,000 kcal             14.03 ± 7.27            11.93 ± 4.38           0.194
  Cholesterol, mg/1,000 kcal      136.51 ± 112.55         219.39 ± 153.25        0.020
  Grain, g                        272.28 ± 156.76         237.90 ± 183.00        0.440
  Potato, g                       36.71 ± 61.25           32.73 ± 66.27          0.812
  Vegetable, g                    324.12 ± 203.49         212.663 ± 134.13       0.018
  Fruit, g                        159.20 ± 130.76         221.71 ± 271.71        0.253
  Meat, g                         63.09 ± 77.03           91.03 ± 119.03         0.300
  Egg, g                          12.17 ± 19.17           35.91 ± 44.42          0.014
  Fish and seafood, g             80.14 ± 132.95          63.82 ± 83.40          0.583
  Dairy product, g                65.79 ± 92.73           79.61 ± 117.34         0.615

Values are presented as mean ± SD. *p* values were determined by independent *t* test.

###### 

Dietary habits between asymptomatic and symptomatic patients 3 months after laparoscopic cholecystectomy

  Variable               Asymptomatic (n = 32)   Symptomatic (n = 27)   *p* value
  ---------------------- ----------------------- ---------------------- -----------
  Breakfast consumer     31 (96.9)               23 (85.2)              0.108
   Rice                  25 (80.6)               12 (52.2)              
   Potato                0                       2 (8.7)                
   Bread                 0                       5 (21.7)               0.015
   Dairy                 3 (9.7)                 2 (8.7)                
   Fruit and vegetable   3 (9.7)                 2 (8.7)                
  Food preferred         5 (15.6)                7 (25.9)               0.327
   Potato                0                       1 (14.3)               
   Fruit and vegetable   5 (100.0)               5 (71.4)               1.000
   Seafood               0                       1 (14.3)               
  Food avoided           10 (31.3)               16 (59.3)              0.031
   Meat                  3 (30.0)                4 (25.0)               
   Oily food             5 (50.0)                9 (56.3)               
   Seafood               0                       1 (6.3)                0.388
   Alcohol               2 (20.0)                0                      
   Other                 0                       2 (12.5)               

Values are presented as number (%). *p* values were determinate by chi-square test for the categorical variables between symptomatic and asymptomatic patients.

###### 

Association between dietary intake and the risk of symptoms 3 months after laparoscopic cholecystectomy by multivariable logistic regression analysis

  Variable                                                      Quartile of dietary intake   *p* for trend^[a](#tfn2-kjim-2016-223){ref-type="table-fn"}^                                                                        
  ------------------------------------------------------------- ---------------------------- -------------------------------------------------------------- -------------------------------------------------------------------- -------
  Animal protein, g                                                                                                                                                                                                              0.038
   Number of S/A                                                7/11                         6/12                                                           14/9                                                                 
   Cut-off                                                      ≤ 15.6                       15.6 \< to ≤ 37.0                                              \> 37.0                                                              
   OR (95% CI)^[b](#tfn3-kjim-2016-223){ref-type="table-fn"}^   1                            0.937 (0.19--4.68)                                             4.411 (0.92--21.25)                                                  
  Cholesterol, mg                                                                                                                                                                                                                0.041
   Number of S/A                                                5/11                         6/11                                                           16/10                                                                
   Cut-off                                                      ≤ 133.4                      133.4 \< to ≤ 251.6                                            \> 251.6                                                             
   OR (95% CI)                                                  1                            1.497 (0.30--7.51)                                             4.937 (1.04--23.48)^[c](#tfn4-kjim-2016-223){ref-type="table-fn"}^   0.022
  Vegetable, g                                                                                                                                                                                                                   
   Number of S/A                                                16/10                        8/11                                                           3/11                                                                 
   Cut-off                                                      ≤ 206.6                      206.6 \< to ≤ 385.7                                            \> 385.7                                                             
   OR (95% CI)                                                  1                            0.473 (0.12--1.80)                                             0.125 (0.02--0.74)^[c](#tfn4-kjim-2016-223){ref-type="table-fn"}^    
  Egg, g                                                                                                                                                                                                                         0.023
   Number of S/A                                                8/18                         3/7                                                            16/7                                                                 
   Cut-off                                                      ≤ 0                          0 \< to ≤ 20                                                   \> 20                                                                
   OR (95% CI)                                                  1                            1.046 (0.20--5.40)                                             5.160 (1.28--20.87)^[c](#tfn4-kjim-2016-223){ref-type="table-fn"}^   

S/A, symptomatic patients/asymptomatic patients; OR, odds ratio; CI, confidence interval.

Estimates of *p* values for linear trend were based on linear scores derived from the medians of quartiles for intake of nutrients among asymptomatic patients.

OR was adjusted for total energy intake and exercise frequency.

p \< 0.05 compared to the first quartile by logistic regression analysis.
